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ABSTPAfT 

A  Iliph-i^ain   lonp-^eri Of!  seismic  station   CZI,T>)   was   installofl   in 
a   tunnol   !»nm   lonr   in   the   7onfO Vallev   (16016 ♦ 10, ^"«?,  6S0r)7 ' OS . ^,,,", 
45l>7ni  ysl),  where  dailv harofranhic  chanres   do not  oxcecri   'S  mhars, 
to  obtain  hich  nwa   itv  data both   for Federal   agencies   research   and 
<"or Otiservatorio ^on  Calixto research.   A microharocranh   and  stan- 
dard  mot eoroloci cal   i ns t rtim(?nts were   added   for convenient  correla- 
tions.   Also  short-period  seismo^ranhs , with  a   oain  of one mi 11 ion 

■'"or  one   second   or period,  were   Installed, 

Hncration  has  been  maintained  and  magnificent  re 
still   heinp produced.   Vertical   seismic noise   of 
of period was  proved  to be  nrodnced  mostlv bv  at 
bances,  with   a  numerical   relation  o^  2. Fl  to  5 mi 
horizontal  waves   are   associated with  wind. 
The  coefficients   o^" the   formula   ^or calculation 
local   mafnitude were   ^ound  to be   as   it   follows: 
♦   l.Slopp +   2.n   for distances   around   5  deorees. 
The  study  of internal   structure  of the  earth has 
friction   in   the  earthnuakes  occurrincr  at   the  lit 
Models  were  develoned   and   are presented   for the 
as   a   function   o^ denth  beneath  T,a  Daz   repion,  d? 
from one  azimuth   to  another. 

Several   techniuues were  tested  to discriminate exnlosions   *"row na 
tural   earthnuaVes;  both   Love  and  "avlei?»h waves   are  ouite better 
develoned  for earthquakes  than   for exnlosions;   the  ratio  ^n^n  / 
/   An:TD  ^s  wnch   greater  for earthnuakes   than   ror explosion«? in  /i 
o^  the  spectrum. 

cords were  and  are 
20   through   100   sec 
mosnheric  distur- 
11imi crns/microbar; 

o^ seismic events 
M      =    loc(A/Tl    + 

shown  an  important 
hosnhere bendinr. 
seismic velocities 
f^erinp  a  little 

ost 

As a contribution to seismicitv studies, the main results of a 
narticular earthquake are presented, together with a prellminarv 
seismic risk man estimated according to epicenter locations and 
m.icrose i smi c  djti a. 
An attempt or Podrfftiez and VOPO to quantifv seismic risk, bv defi 
ninr» relative weipht of maxir.um MM intensitv at a piven distance, 
Population densitv, area peolopv and attenuation of intensitv with 
distance, is presented topether with a map anplvinp theorv to Bo- 
livia. 

^«^a^^.^..:-. 
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Final ^ep^rt:  "'rant AFOSR-72-2597 

LONG PERIOD SEISMIC WAVES 

INTaODUCTION 

The pperation of Perias Seismic Station (PNS) by the Observato- 

rio San Calixto under AFOSR Grants 792-65, 68-1614 and 72-2177 

together with similar experiments has shown the possibility of 

lowering seismic noise about two orders of magnitude and conse^ 

quently of recording long period seismic waves at extremely - 

high magnification. This way, a large number of earthquakes, 

also of low magnitude, either natural or manmade, may provide 

information both about the path of these waves and about their 

source. 

On the other hand the study of seismic waves longer than 20 S£ 

conds has proved to be very useful to know better and better - 

the interior of the earth. 

Until now, no other similar seismic station exists in this 

part of the world. The one opernted -nder this Gran1 was ins- 

talled in a tunnel excavated especially for this purpose by - 

the U.S. National Oceanic and Atmospheric Administration, 

through a contract with the Observatorio San Calixto, in the - 

Valley of Zongo, at 52 miles from La Poz iowntown (16016'10.35" 

S, 68007'05.5"W, 4397 m asl.),  Zongo station is known by the 

abbreviation ZLP. 

The tunnel opens in a granite wall at the foot of Huayna Potosi 

mountain (its peak is at 6080 m. asl. at an horizontal distance 

of about 3.5 Km), so the seismometers are some 300 m. belov - 

surface. 

Atmospheric pressure changes (what influence notably seismic - 

.; ,:.,_. ^ 
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noise) at this altitude are not significant, about 3 millibars 

the daily change, being the mean pressure 60?.  mbars. 

In these conditions the experiment has had two general objecU 

ves: adquisition of high quality data, to be offered to the - 

United States investigators, especifically those of research - 

Federal agencies; research at the Observatorio San Galixto. 

Both goals have been achieved in a. hirh level , as it will appe_ 

ar along trie present report. 

The Observatorio has installed meteorological instruments, a - 

part of them financed by this Grant, to correlate seismic noi- 

se with meteorological variables. 

Research plan has been rather ambitious for the personnel and 

financial possibilities, but most of the problems initially - 

considered have been tackled with some success. 

First of all, noise had to be studied, mostly in order to look 

for any possible improvement in lowering it and consequently - 

for the records improvement; but also it was convenient to 

look for any useful applications of noise measurements. 

The Central Andes area is known to have a rather complex struc 

ture so that seismic v/aves through it are highly attenuated; - 

that means a large influence in the recorded amplitude and con 

sequently on the magnitude determination. 'AD quantify such an 

influence has been another goal of Grant research; it is imoor 

tant for any use of magnitudes and especifically for the purpo 

se of discriminating explosions from natural events. 

The area structure itself is interesting not only for regional 

purpo es, but because it influences waves recording potentially 

distorting any study using those records. So, it was intended 

to investigate seismic v/aves velocity as a function of depth, 

attenuation, surface v/aves dispersion, in order to get a better 

insight to the thickness of crust and composition of both - 

crust '^nd mantle. The interest was mostly concentrated in the 

behavior of the Nazca Plate subducted beneath South America - 

  :._ 
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controlling Andean seismicity, rrnvlty, rnntallo/reno3iat etc. 

Bolivian seismicity, of a very uneven decree alonr the country 

geography, had to be studied for humanitarian purposes, for - 

comparison with other countries seismicity in order to obtain 

a better insight into seismic phenomena and for a better in- 

terpretation of seismic records; so, it was another goal of - 

Grant research. 

  __^tfMl 
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INSTRUMENTATION 

long period GEOTFICH seismometers especially designed to v/ork - 

with very high magnification (as at Ogdensburg, New Jersey, 

OGD, and other similar stations) were installed within the tun- 

nel mentioned above, at 70 m. f.vom the entrance.  (Pig. 1). 

The tunnel is 20 ra. longer, but this oart had to be closed, be 

cause a rather large water flow through granite fractures was 

encountered inside there, creating the problem of extracting - 

the v/ater without opening a way to atmospheric pressure oscil- 

lations in the chambers to be crossed by the pipe. A p^rt of 

this water was recovered at the top of the tunnel to be used - 

in the neigbor photogranhic laboratory of the station and the 

rest was taken along the tunnel by a pipe maintained under so- 

me hydrostatic nressure, that sufficient to damp atmospheric - 

pressure oscillations. 

The seismometers were installed in September-October of 1972 by 

the personnel of Albuquerque Seismological Laboratory (Messrs, 

Hut, Hampton and Castellani), assisted by the Observatorio per 

sonnel (Messrs. Plores, Marco S.J., Cosulich). Each seismome- 

ter was closed within a steel dome, covering a steel tank bolt 

ed to the bedrock and cemented to the floor by an especial pro_ 

cedure and closed with a large number of clamps. Three ship - 

bulkhead doors (type A in Pig. 2) and other four steel doors - 

worked at La Paz (type B in Fig. 2) separate different chambers 

insulating strongly the inner ones. 

Signals obtained from transducers were amplified bv photo tube 

amolifiers until July 1975. It was necessary to isolate PTA - 

amnlifiers from environmental humidity by means of a steel wa- 

ter-proof dome; this proved to be a very good remedy, Since - 

1975 signals are amnlified by solid state electronic amplifi- 

ers. 

Records are obtained on broad band digital magnetic tape 

through ASTRODATA Data Logger and on photographic paper with - 

two levels of magnification, "high" meaning more than 200,000 

. __..___.. : __. ; . . - ■ . 
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for the vertical component and about 150.000 for both horizon- 

tain North-Sourt,h and Rant-West ( Kif% 3), "low" meaning about 

/1.000 in all throe componenta.  It has to be noticed that 

rround noloe of 40 eecondn of period la only 0.02 to 0.05 mi— 

cmn.M.  r;o, rnonL of nur face waver, produced by nurface enrthoua 

kefl of n. .tuLude 5.1 originated anywhere in the world, excluding 

nodal planes, are recorded there.  Displacement components have 

been recorded on paner rolls by means of ^sterline-Angus recor 

ders since 1974.  Time signals are obtained from a quartz digi 

tal clock. 

A microbarograph for the period range 10 through 1000 seconds 

was installed to measure air pressure oscillations (related to 

seismic long period noise, as said above).  Close to the tun- 

nel entrance a meteorological station was installed and has -, 

been maintained with no interruption. 

Since July 1975, a short period vertical seismograph has been 

operating in the same tunnel; in May 1975 three short period - 

components were installed. AUthree components are recorded - 

on 55 mm film at an approximate gain of 1000K for 1.0 sec of - 

period. 

1 ■, Electrical power is obtained from a hydroelectric plant supply 

ing power to La Paz city, sited at about 500 ra. Electrical - 

current is regulated at the entrance of the tunnel with the - 

aid of a large battery set. 

x'he main instruments occupy 21 m. of tunnel; the floor of this 

part was peered with cement; walls and roof were also covered 

with cement by the gunite method up to a thickness of about - 

0.5 cm. 

A small house had to be built near the tunnel to house the tech 

nician caring routine operation. 

Maintenance has been performed by electrical Engineers Jose - 

Plores, Haul Oosulich, etc., driving there any time it has 

been necessary, but in any case not less than weekly. 

feli^w^Vj'Äiiit.ijftfa 
■ 
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Noise 

First of all, ;-oisnilc long-period noise was analyzed, trying to 

detect its sources and any   possibility of lowering it.  Noise 

of 30 to 40 seconds periods appeared the most prominent peak - 

in the spectru.n, folloved by another peak at 80 to 90 seconds. 

It was realized that atmospheric pressure oscillations (infra- 

sound) are highly damped inside the tunnel by the steel doors 

and seismometer tanks; a microbarograph in the seismometers - 

room measured amplitudes of infrasound of the order of one mi- 

crobar for waves of 600 sec period and almost a total absence 

of shorter period waves. Nevertheless a cross-correlation be^ 

ween seismic (seismometers room) and infratonic (outside the - 

tunnel) records has shown that vertical seismic noise in the - 

range of 20 to 100 sec is produced mostly by atmospheric dis— 

turbances, without doubt b- the coupling of atmospheric and S£ 

lid earth waves at the free surface; horizontal waves are aso- 

ciated with wind and lateral motion of the Huayna Potosi moun- 

tain uider which Zongo station is located. 

Our results show a numerical relation of 2.5 to 5 millimicrons/ 

microbar, depending on the mode of the acoustic wave propaga— 

tion.  It may be remarked that it is 1/4 of the value theoreti 

cally found by Sorrells for the sandstone of Great Saline (gra 

nite in ZIP), 

Mnrnitude calculation 

To get the formulae bhe boot suited to calculate magnitudes af 

ter ZLP records, the amplitudes of P, S and L waves of. 305 - 

events of the year 1973, ranging in magnitude from mb=3.7  to 

m,. = 6.4 and enicentral distances from 2° (22 Km) to 165° 
b 
(18300 Km) were measured. 

It v/as found by the least square method that the best suitable 

ma gn; litude  calculation  for near    events  (D« 5  )   is  given by: 

ML = log  (  |)  + 1.5  log D +  2.0 

where A is  the LR maximum amolitude  in millimicrons,  T its pe- 
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xa nnd  I) the epicentral distance  in degrees. rioci   in  seconds and   L)  xtit  «, x^^ 

Fault   FrictiOil 

.•        in   lifferent  narte of the Nazca  -late was studied. 

^    for eLth.ualces footed at  .he llthosph.re be„älng;  on 
Te co    rary the ^ortanoe  is minor In the deepest part ef - 

rted pLte.    The rea,at is  Interpreted In re ation  to      - 
thernal repime  of the «nderthrasting slab wxth depth. 

Cruetal and  Ugger Hantle structure 

.     .H , „f T and S wav»s residuals, a  continuation of those 
A  study  01  i-  ana  o  w^v.o +Vl34.   the  nnist 
achieved under Grant A?0 R 72-2177,  has c nfirmed that the    .-ua 
!    very thlc^  ("bout 65 M)  heneath the Central Andea,  overly- 
is very  tnicK   ^u continued 
ing a  thick llthoa.here to a depth of '00 f'  ^ _h 

by a  low velocity layer aeein thick coincident «"h ^ J" : 

ouakelesa zone".    Local anomaly residuals were lound betwee, 
nf n    hPB stations,  heinB atttrihuted to a very local euper- 
n !       lew velocity layer,  eorreaponding to a  .raviy anomaly 

and possibly to the   W pockets" found by Sacks  (1971). 

I0cal  low velocity paths af;ree well with low ^^^ 

in turn defend on depth.     The combination o    ^ ^^_ 
ture and Q variations with death Is the best way to account 
for the observed amplitude spectral  ratio of waves -cord d at 

o  m and 1. Pa. at each side of the Central Andes Cordille 

ra. 

„■p «bT-o- ^TTiall simificance;   that yields 
PG

:
- and ScS  chases are of vöry srnaii si;,^ n    ,   .   „ 

l^U structural irregularities underneath the Central ^ndes. 

Tt „as demonstrated theoretically that vertical comoonet of    - 
lie may be used  to describe the structure of the u=s    - 

superficial layers,  until several meters  of ^*'    ^Uf 
correlation with atmosnherlc  infrasonlc waves.    A long porio 
:        cal seismcraph should operate for a short t me together 

.I   b a miorobarogranh,  the cross-correlation of both reoo d      - 

should show a strong dependence on the structure of tie urper 

jgBgy^^^'''' 
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most  layers. 

Dispersion of surface waves was also used to calculate crustal 

thickness. For the events located in Nevada and California - 

part of the path is oceanic; so, a correction was necessary to 

normalise those events as if the path wo.ld be completely con- 

tinental; this way the mean crustal thickness for Western Uni- 

ted States with the Andes along Colombia, Ecuador, Peru, Boli- 
via, was found to be 57.6 Km. 

Discrimination Techniques 

A Fter trying several techniques to discriminate artificial e- 

vents from natural earthquakes, two of them using long-period 

waves have proved to be efficient and easy to be handled, at - 

least for Nevada and Russia events, for which these techniques 
were applied. 

The amnlitude over period ratio of Love to Rayleigh waves: 

VTR 

is much greater for earthquakes than for explosions. Certain- 

ly it is a function of magnitude and distance, but so slightly 

that it may be considered constant for a given region. 

Both types of surface waves are qu      ter developed for natu 

ral earthquakes than for explosion; 

Surface waves dispersion definitely does not offer any crite- 

rion for such kind of discrimination. 

uazca  Plate Geomet El 

An analysis of foci locations obtained by the U.S. Coast and - 
Geodetic Survey, the National Oceanic and Atmospheric Adminis- 

tration and the U.S. Geological Survey, b projecting the foci 

■ 
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in difforent stripe  In different ways,  has shown  the  r^metry 
of the Nnzca   plate.    Actually the work done under this  Grant - 
becnme    ^  confirmation of the  work done under  the  Grant  AFOGR- 
7?-?177 describing the  geometry of the  subducted  Mazca  plato. 

This  geometry  is  rather complex:     the  plate  is undulated  like 
a   curtain,   where   it  striken  the American  plate with an  an^le - 
of more  than  1R00;   it  is  broken apart where  the American   plate 

offers  an  anp;le  of much less  than  1;*0  . 

Practically no seismic activity appears between 300 and 450 Km 
of depth. By this methorl one should say that Nazca plate is - 
not existent at that depth, but probably the real exnlanation 
is that the plate with the pressure and temperature conditions 
of thiD denth does not sustain any seismic activiy; that means 
the  plate  should  be soft and  partially molten. 

Seimicity 

•;ith the asai.tance of this Grant several contributions were - 

done to the study of Bolivian seismicity. 

On February 22, 1976, the Central Bolivia was shaken by an earth 

quake of magnitude 5.6 (followed by an aftershock sequence) caus 

ine,  alarm an 1 some damage in villages closer to the epicenter. 

The Grant AFOSR-72-2397 together with the help of other institu 

tions, assisted for a short survey mission.  According to the 

macroseismic study and time of recording in seismic stations, 

the focus was about 125 Km deen at 1R.430S, 65.160W, close to 

the Quiroga village, not far from Aiquile town.  Aie origin - 

was a dip-slip fault striking N42.5W dipping 600V/. Macroseis- 

mic data, as well as instrumental and historical data were as- 

sembled and published, as recensed below.  In the formula: 

Log N a - bMn 

a_ and b, constants characteristic of the region, were found to 

have the following values: 

. 

: 
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Fig. 13.- Map of Bolivia estimated risk^ scale 0 through 
3, according to epicenter locations and macroseismic data. 
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Log N = 2.60^4 - 1.1319 \ 

what means a hirh rate of aftershocks increasing the area dan- 

ger, 

A very preliminary man of seismic risk in Bolivia has been pre 

pared, according both to macroseismic data accumulated in Ob— 

servatorio San Oalixto and to locations of earthquakes obtained 

by the U.S. Coast and Geodetic Survey (NOAA and U.S. Geologi- 

cal Survey).  (Pig,13). 

Attemns are beinr done to quantify better seismic risk; see be 

low the study of Rodriguez and Vega. 

Gravity, -^oporraphy. Strain Helease and Metallogenesis as Relat 

ed to the Subducted Nazca Plate. 

From previous studies (Rodriguez et al 1975) the close relation 

between the subducted Nazca Plate, Topography, Gravity and me- 

tallogenesis of ore deposits in Bolivia was demonstrated.  The 

following is a brief summary of the results of a continuation 

of the seme type of investigation under new data gathered. 

Preliminary mans of areal distribution of mines were prepared 

for the whole territory, separately, according to mineral type, 

showing interesting features very useful for regional prospec- 

tion programs. 

The frequency analysis of each to these maps reveals also in- 

triguing correlations with the subducted plate at the time of 

the emplacement of such deposits. Geochronolcgical analysis - 

of the intrusives also correlate very closely with these pheno 

mena. 

Seismic, gravity and strain release profiles along the maximum 

din of the Nazca Plate at different latitudes were used to stu 

dy the geodynamical behaviour of the plate and bo obtain essen 

tially possible sources of magma differentiation at the time - 

__M 
i 
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when the Occidental and Oriental Cordilleras were formed and - 

the minerals emplaced. It is very consistent the fact that at 

almost any time Geochemical and Physical conditions prevaled - 

at a depth of 500 Kms, noint out the region as the principal - 

mapma differentiation zone very well correlated with the seis- 

micity, gravity data and upper mantle structure. 

Secondary magma differentiation regions were also found at dif 

ferent levels in different latitudes and very closely related 

with the geometry of the Nazca Plate. 

The complicfted picture of the metollogenetical zones of ore cle 

posits in Bolivia seems to reflect the complication in the gec^ 

metry well correlated with the temperature regime of the olate. 

This research is being continued after the end of the Grant, - 

though financial support is not granted. 

.    ■       :/.■.- ^ v ■ MIMMi ^,--'■■■■ 

: .. :     . ■  .     :      . 
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;;I;T.SMTO I;I:I; Of  noLIVIA. Rnne  ^drfpuez and  Anre] Veßn. 

To quantify the Soismic ^ink of Bolivia a parametor called In- 

dex of oeiomic ui3k hna been flefi'ied hnaen  upon the local r,ei£ 

rnicity riven by the mnximum modified Merca].li Intensity, popu- 

lation factor, reologioal factor and attenuation of Intensity 

with distance.  This parameter is matematically formulated as: 

ISR = K In D G 

where: 

In  = maximum intensity (MM) at a given distance 

D   = population density   0<B<1 

G   = reology factor      0<G<1 

K   = Rmax - R 

Rmax 

Rmax = —p- Log (Io / In) 

R   = -i— Log (Io /2) 

I   = MM Intensity at the epicenter 

(J'  = Attenuation coefficient of Intensity with distance. 

Rmax Is physically *-'ie distance between the epicenter and - 

the point where the maximum intensity has been measured 

and defines the radius of area of maximum intensity. 

R Is the distance between the epicenter and the isosistal 

line 2 in the MM scale, where this intensity has been - 

defined as the minimum intensity of perpoeptibility. 

The ISR defined in this fashion is always less than 1^ and grea 

ther than zero. 

Using the known relationship between intensity (In) and ground 

acceleration, the ISR map can be transformed in maximum rround 

■ ■äs 
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ncceleratlon map, very useful for civil engineering desif^n. 

The procedure in constructing the ISR map is as follows: 

1* From the local Seiaraicity (historical and nresent records) 

the normalized (depth) local magnitude hüs been calculated 

for each seismic event and plotted into a map by its coor- 
dinates. 

2. From the known local relationship between maximum intensi- 

ty and local magnitude established from the events in which 

both parameters have been measured, the seismicity map may 
be transformed into an Intensity map. 

3. Using the local Intensity attenuation factor based upon - 

isoseismala of known events, the area of perceptibility - 

may be found by calculating Jo, Rmax and R. 

4. By analyzing the local population and geology (estratigra- 

phy, structural geology) a density factor and reology fac 

tor may be assigned to each plotted intensity point. 

5. With all those parameters the ISR may be constructed. 

The results of such analysis for the Bolivian Seismic Hisk 
problem are the following: 

LOCAL MAGNITUDE 

\= log (^) + i.o log (D) + 3.5 

A = ground amplitude in microns 

D = epicentral distance in degrees 
T = period in seconds. 

SEISMICITY 

The seismic information includes sixty four years of analysis 

(1909-1972) used in the present work. 

  ■ ■, ■.. 
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F,AG::TTUI)K-M\umm IHTBKSITY R/ILATJONSHIP 

MT  = 2.05 + 0.4549r L o 

INTENSITY ATTENUATION  V/ITH DISTANCE 

In = 8.63  10-°-O0210^ 

D    = lipicentral  distance  in degrees. 

GEOLOGY 

The following coefficients h?ive been used 

Granites and intrusive rocks 0.1 

Guarcites 0.3 

Dolomites, Vulcanites 0,4 

Sandstones 0.5 

Shales 0.6 

Conglomerates 0.8 

Alluvia Is 1.0 

POPULATION DRIISITY 

Which is a function of number of houses, factories, civil con£ 

tructions etc.  The density coefficients used are between 0.01 
-1? 

corresoonding to 10   inhabitants/m2. and 1.0 corresponding - 

to 10 inhabitans/m2. 

ISR - TAP (Fig. 14) 

V/ith all the parameters calculated the ISR map was instructed 

for Bolivian territory, showing a maximum Index Seismic Risk - 

the region of Cochabamba, then follows Santa Cruz, Sucre-Potosf 

and Tarija, and finally La Paz-Oruro. 
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' for one second of period, were installed.! 

^/Operation has been maintained and magnificent records were and are 
(  still beinr produced. Vertical seismic noise of 20 through 100 sec 
of period was proved to be produced mostly hy atmospheric distur- 
bances, with a numerical relation of 2.5 to 5 millimicrons/micro- 
lür; horizontal waves are associated with wind. 

The coefficients of the formula for calculation of seismic events 
local magnitude were found to be as it follows: /MJN« Ion (A/T) ♦ 
♦ I.SlorD * 2.0 f for distances around S decrees j--J^V M  U I 

1ie study of internal structure of the earth has shown an imnor- 
tint friction in the earthquakes occurring at the lithosphere benci 
in^. Models were developed and are presented for the seismic velo- 
cities as a function of depth beneath La Paz region, differing a 
little from one azimuth to another.. 

Several techniques were tested to discriminate explosions from na- 
tural earthquakes; both Love and Rayleinh waves are quite better 
developed for earthquakes than for explosions; the ratio t<n\1J 
/A Tp is much preater for earthquakes than for exnlosionsw w 

in 
most of the spectrum. Surface waves dispersion def'initelv is not 
useful for such discrimination. 

Subducted Nazca plate appears in different strips undulated or 
broken apart, according to the annle offered bv South American 
plate. Correlations were done between gravitv, strain release and 
metallocenesis as related to the subducted Nazca plate: a close 

\relation was found (but the studv has to be continued). 

As d contribution to seismicitv studies, the main results of a 
'•»articular earthquake are presented, together with a nrelimlnarv 
seismic risk man estimated accordinti to epicenter locations and 
Fiacroseismic ^öta.^r 

An Httenpt of RodrfVuoz and Ve^a to quantify seismic risk, bv de- 
fininn relative weiqht of maximum MM intensity at a pivon distance 
ponulation density, area feolupy and attenuation of intensity wit 
chstrtiice, is presenteu topethcr with a map applying theory to Ho- 
1 Vii», the highest risk appears in the Cochabamba Valley, 

Unclassified 


